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ABSTRACT 

Heavy n u c l e i  (Z23) were d e t e c t e d  i n  t h e  September  2 ,  1966 

s o l a r  p a r t i c l e  e v e n t .  T h i s  b r i n g s  t o  f i v e  t h e  number of e v e n t s  

i n  which t h e s e  p a r t i c l e s  have been d e t e c t e d .  The p r o t o n  ene rgy  

s p e c t r u m  w a s  measured down t o  e n e r g i e s  as  l o w  as  3 MeV and up 

t o  e n e r g i e s  as  h i g h  as 100 MeV, w i t h  measurements  on t h e  he l ium 

a n d  h e a v i e r  n u c l e i  c o v e r i n g  a m o r e  r e s t r i c t e d  r a n g e .  The re la-  

t i v e  abundances  of he l ium,  l i g h t ,  medium, and heavy n f i c l e i  ob- 

t a i n e d  i n  t h i s  exper iment  i n  t h e  e n e r g y  r a n g e  from abou t  14  t o  

35 MV n u c l e o n  agree w i t h  t h o s e  measured  i n  p r e v i o u s  s o l a r  p a r -  

t i c l e  e v e n t s  a t  h i g h e r  e n e r g i e s  and  hence w i t h  t h o s e  o f  t h e  

s o l a r  p h o t o s p h e r e .  T h i s  r e s u l t  s t r e n g t h e n s  t h e  c o n c e p t  of a 

* N a t i o n a l  Academy of S c i e n c e s  - N a t i o n a l  R e s e a r c h  C o u n c i l  

R e s i d e n t  Resea rch  Associate 

**The u n t i m e l y  d e a t h  of D r .  GUSS, who made a major c o n t r i -  

b u t i o n  t o  t h e  s u c c e s s  of t h i s  program, p r e v e n t e d  h i s  p a r -  

t i c i p a t i o n  i n  t h e  f i n a l  a n a l y s i s .  
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m u l t i - c h a r g e d  nuc lea r  c o m p o s i t i o n  which is a c h a r a c t e r -  

i s t i c  o f  solar p a r t i c l e  e v e n t s .  The p r o t o n  spec t rum agrees 

w i t h  a n  e x p o n e n t i a l  r i g i d i t y  s p e c t r u m  above 250 MV, b u t  shows 

sharp d e v i a t i o n s  below 250 MV e a r l y  i n  t h e  e v e n t .  An exami- 

n a t i o n  of t h e  r e l a t ive  abundances  of p r o t o n s  and  medium nuc- 

l e i  shows t h a t  t h e  p r o p a g a t i o n  o f  s o l a r  p a r t i c l e s  i n  t h i s  

even t  cannot  be d e s c r i b e d  by a s i m p l e  d i f f u s i o n  model w i t h  

a d i f f u s i o n  c o e f f i c i e n t  p r o p o r t i o n a l  t o  ii or 3R. 

.-___ - 

INTRODUCTION 

The sun is now known t o  be a f r e q u e n t  e m i t t e r  of e n e r -  

g e t i c  so l a r  p r o t o n s  and  a l p h a  p a r t i c l e s .  Al though n u c l e i  

w i t h  c h a r g e s  greater t h a n  two are  ra re ,  t h e y  have a l s o  been 

o b s e r v e d  e v e r y  t i m e  t h e  i n t e n s i t y  of a n  e v e n t  was  s u f f i c i e n t l y  

g r e a t  t o  e x p e c t  t o  be a b l e  t o  d e t e c t  t h e m  on t h e  b a s i s  of t h e i r  

abundance  i n  o t h e r  e v e n t s .  B e f o r e  t h e  measurement t o  be rv- 

p o r t e d  h e r e  on t h e  September  2 ,  1966 s o l a r  p a r t i c l e  e v e n t ,  

heavy n u c l e i  ( n u c l e a r  c h a r g e  >3) had been s e e n  f o u r  t i m e s ,  

i n  t h e  e v e n t s  of September  3 ,  1960 ( F i c h t e l  and  GUSS, 19611,  

November 1 2 ,  1960 (Biswas ,  F i c h t e l  a n d  GUSS, 1962;  Ney and  

S t e i n ,  1962;  Yagoda, F i l z ,  F u k u i ,  1961 ;  Pomerantz  a n d  W i t t e n ,  

19621,  November 15,  1960 (Ney and  S t e i n ,  1962;  Yagoda, F i l z  

and F u k u i ,  1961;  Pomerantz  and  W i t t e n ,  1962;  B i s w a s ,  F i c h t e l ,  

Guss and  Waddington, 1963) and  J u l y  18, 1961 ( B i s w a s ,  F i c h t e l  

and  GUSS, 1966) .  Upper l i m i t s  havc been set i n  other c v t ~ n t h  



t h e  f l u x  of  heavy n u c l e i  a p p a r e n t l y  u n a s s o c i a t e d  w i t h  major 

f l a r e s  (Kurnosova ,  Razorenov and F r a d k i n ,  1962) .  An i n t e r -  

e s t i n g  r e s u l t  of  t h e  e a r l y  measurements w a s  t h a t  t h e  m u l t i -  

c h a r g e d  n u c l e i  w i t h  t h e  same cha rge  t o  mass r a t i o  a p p e a r e d  

t o  have  t h e  same compos i t ion  each  t i m e  t h a t  it c o u l d  be de- 

t e r m i n e d .  F u r t h e r ,  t h e  compos i t ion  seemed t o  r e f l e c t  t h a t  

of  t h e  s u n ' s  p h o t o s p h e r e  i n  s o  f a r  a s  measurements  c o u l d  

be made. The he l ium and  h e a v i e r  n u c l e i ,  hav ing  a charge 

t o  m a s s  r a t i o  which is h a l f  t h a t  of t h e  p r o t o n ,  c a n  a l s o  

be  u s e d  t o  s t u d y  so la r  p a r t i c l e  p r o p a g a t i o n  i n  t h e  i n t e r -  

p l a n e t a r y  medium by comparing t h e i r  abundance t o  t h a t  of 

t h e  p r o t o n s  a s  a f u n c t i o n  of t i m e .  

I n  an  a t t e m p t  t o  expand our  knowledge of t h e  c h a r g e  

c o m p o s i t i o n  of  t h e  n u c l e o n i c  component of t h e  s o l a r  cosmic 

r a d i a t i o n  and make f u r t h e r  s t u d i e s  on t h e  s o l a r  p a r t i c l e  

p r o p a g a t i o n  c h a r a c t e r i s t i c s ,  SPICE ( S o l a r  P a r t i c l e  I n t e n s i t y  

and  Composi t ion  Exper iment )  w a s  u n d e r t a k e n .  The program is 

s imi l a r  t o  t h e  one unde r t aken  i n  1960 which l e d  t o  t h e  meas- 

u r e m e n t s  of t h e  r e l a t i v e  abundances  of t h e  s o l a r  p a r t i c l e  

e v e n t s  i n  1960 ( F i c h t e l  and GUSS, 1961;  B i s w a s ,  F i c h t e l  a n d  

Guss ,  1 9 6 2 ;  B i s w a s ,  F i c h t e l ,  G u s s  and Waddington, 1963) .  

S c i e n t i f i c  sound ing  r o c k e t s  were p l a c e d  on s tand-by  a t  F o r t  

C h u r c h i l l  i n  J u l y ,  1966 t o  be s h o t  i n t o  a s o l a r  p a r t i c l e  e v e n t ,  

when one  of s u f f i c i e n t  i n t e n s i t y  o c c u r r e d .  The f i r s t  s u c h  

e v e n t  o c c u r r e d  on September  2 ,  1966. 
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T h i s  p a p e r  is aimed a t  a d e s c r i p t i o n  o f  t h e  r e s u l t s  ob- 

t a i n e d  i n  t h i s  e v e n t  a n d  a d i s c u s s i o n  of  t h e i r  r e l a t i o n  t o  t h e  

I s t u d y  o f  t h e  s o l a r  p a r t i c l e  phenomena m e n t i o n e d  a b o v e .  T h i s  

t r e a t m e n t  w i l l  b e  p r e c e e d e d  by a b r i e f  d e s c r i p t i o n  of t h e  SPICE 

p a y l o a d  a n d  t h e  data  a n a l y s i s  t e c h n i q u e s .  

EXPERIMENTAL PROCEDURE 

The n u c l e a r  e m u l s i o n  s t a c k s  f l o w n  i n  t h i s  e x p e r i m e n t  were 

located benclath t h e  n o s e  c o n e  i n  t h e  p a y l o a d  s e c t i o n  of t h e  

T h i s  e v e n t  w a s  a s s o c i a t e d  w i t h  a f l a r e  t h a t  began  about 

0538 U.T. on September  2 ,  1966, r e a c h e d  a maximum a b o u t  0600 

U.T. a n d  ended a t  about 930 G.T. I t  w a s  r e p o r t e d  a s  a 2B by 

M a n i l l a  a n d  a 3 B  by A n a c a p r i  ( I t a l y ) .  The f l a r e  o c c u r r e d  a t  

N23 W55 on t h e  s u n ,  and  t h e r e f o r e  was a t  a p o s i t i o n  on t h e  

s u n  which  was q u i t e  f a v o r a b l e  for e f f i c i e n t  p r o p a g a t i o n  of 

pa r t i c l e s  from t h e  s u n  t o  t h e  e a r t h  a l o n g  t h e  r o u g h l y  s p i r a l  

i n t e r p l a n e t a r y  m a g n e t i c  f i e l d  l i n e s .  T h r e e  s o u n d i n g  r o c k e t s  

were f i r e d  i n t o  t h e  e v e n t  a t  t h e  t i m e s  g i v e n  i n  T a b l e  I ,  which  

a l s o  g i v e s  t h e  a p p r o x i m a t e  t i m e  f rom t h e  maximum of  t h e  f l a r e .  

T a b l e  I 

Time f rom F l a r e  Maximum - __ - -  -- F l i g h t  Time a t  Peak A l t i t u d e  ___ ~- 

1 1443 U.T. S e p t .  2 ,  1966 8.7  h o u r s  

2 2233 U.T. S e p t .  2 ,  1966 16 .5  h o u r s  

3 1733 U.T. S e p t .  3 ,  1966 35.5 h o u r s  
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Nike-Apache sound ing  r o c k e t .  The nose  cone  w a s  e x t e n d e d  t o  

e x p o s e  t h e  s t a c k s  a f t e r  t h e  v e h i c l e  l e f t  t h e  a tmosphe re  and  

w a s  r e t r a c t e d  p r i o r  t o  r e e n t r y .  The d u r a t i o n  of t h i s  e x p o s u r e  

w a s  a p p r o x i m a t e l y  250 s e c ;  t h e  e x t e n d  and  r e t r a c t  o p e r a t i o n  

e a c h  t o o k  a b o u t  5 sec .  

Two of t h e  e m u l s i o n  s t a c k s  were mounted on t h e  s i d e s  of 

t h e  v e h i c l e  w i t h  t h e  emul s ion  face outward  s o  t h a t  p a r t i c l e s  

e n t e r e d  normal  t o  t h e  emul s ion  s u r f a c e .  These  s t a c k s  c'on- 

s i s t e d  of  a s i n g l e  200 IJ. p e l l i c l e  and  a lower s e c t i o n  of 

t w e n t y  600 p p e l l i c l e s ,  e a c h  of which was 6 . 4  c m  x 7 . 1  c m  

i n  area.  A s  t h e  nose  cone  ex tended  and  r e t r a c t e d  t h e  lower 

s e c t i o n  w a s  d i s p l a c e d  b e n e a t h  t h e  upper  p e l l i c l e  s o  t h a t  

p a r t i c l e s  e n t e r i n g  d u r i n g  t h e  exposure  c o u l d  be unambigu- 

oiisly i so la t ed .  

A t h i r d  l a r g e  s t a c k  of f o r t y  7 . 1  c m  x 1 3 . 8  c m  x 600 u 

p e l l i c l e s  w a s  l o c a t e d  f a r t h e r  down t h e  r o c k e t  a x i s  w i t h  t h e  

normal  t o  t h e  emul s ion  s u r f a c e s  a l o n g  t h e  d i r e c t i o n  of f l i g h t .  

The l o n g  d imens ion  of t h e  s t a c k  w a s  a p p r o x i m a t e l y  e q u a l  t o  

t h e  v e h i c l e  d i a m e t e r  s o  t h a t  p a r t i c l e s  c o u l d  be o b s e r v e d  e n t e r -  

i n g  t h e  p e l l i c l e  e d g e s  a t  e i t h e r  end of t h e  s t a c k .  T h i s  s t a c k  

w a s  u s e d  t o  o b s e r v e  t h e  h igh-energy  p o r t i o n  of t h e  p a r t i c l e  

s p e c t r a .  

I l f o r d  G5 emuls ion  w a s  used t h r o u g h o u t .  Twenty p e l l i c l e s  

i n  t h e  lower s t a c k  were u n d e r p r o c e s s e d ,  however ,  t o  improve 

t h e  g r a i n - d e n s i t y  d e s c r i m i n a t i o n  between s i n g l y - a n d  doubly-  

c h a r g e d  p a r t i c l e s .  
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The amount of  mater ia l  t h a t  i n t e r v e n e d  between t h e  p a r t i -  

c l e  a n d  t h e  e m u l s i o n  s u r f a c e  w a s  0 . 2 6  g m / c m 2  ( e m u l s i o n  e q u i v a -  

l e n t ) :  t h i s  t h i c k n e s s  d e t e r m i n e d  t h e  minimum d e t e c t a b l e  e n e r g y  

which  w a s  3 Mc.V for p r o t o n s .  

Proton s p e c t r a  were o b t a i n e d  by making r a n g e  measure-  

men t s  a t  l o w  e n e r g i e s  (512 M e V )  a n d  from i n t e g r a l  f l u x  c o u n t s  

a t  v a r i o u s  d e p t h s  i n  t h e  s t a c k s  a t  h i g h e r  e n e r g i e s .  Helium 

n u c l e i  were r e s o l v e d  fro111 p r o t o n s  by  mcasui-cmen ts of g r a i n  

d e n s i t y  v s  r e s i d u a l  r a n g o .  H e a v i e r  p a r t i c l e s  w e r e  r e s o l v e d  

by c o u n t s  of c1-rays v s  range u s i n g  a t e c h n i q u e  which h a s  

been  d e s c r i b e d  p r e v i o u s l y  ( R e a m e s  and  F i c h t e l ,  1 9 6 6 ) .  Owing 

t o  t h e  v e r y  s t eep  s p e c t r a  i n  t h i s  e v e n t  t h e  r e s i d u a l  r a n g e  

of t h e  heavy pa r t i c l e s  were t o o  s h o r t  t o  a l low c l e a r  reso- 

l u t  i o n  of i n d i v i d u x  1 c h a r g e s  above  Z=6. 

RESULTS AND INTERPRETATION 

The e x p e r i m e n t a l  r e s u l t s  can  be b e s t  u n d e r s t o o d  by f i r s t  

p r e s e n t i n g  t h e  e n e r g y  s p e c t r u m  of t h e  v a r i o u s  components  d u r -  

i n g  t h e  t h r e e  f l i g h t s .  R s t u d y  of t h e  e n e r g y  s p e c t r u m  is nec-  

e s s a r y  background f o r  t h e  d i s c u s s i o n  of t h e  c a n p o s i t i o n  and  

p r o v i d e s  t h e  b a s i s  f o r  t h e  c o n s i d e r a t i o n s  of s o l a r  p a r t i c l e  

p r o p a g a t i o n .  T h e r e f o r e ,  t h i s  s e c t i o n  w i l l  be d i v i d e d  i n t o  

t h r e e  p a r t s  which w i l l  c o n s i d e r  e n e r g y  s p e c t r a ,  c o m p o s i t i o n ,  

a n d  p ropaga t  i o n .  

( a )  Energy S p e c t r a :  I n  o r d e r  t o  see t h e  p r o t o n  i n t e n s i t y  



- 7- 

l e v e l  c l e a r l y  a n d  a t  t h e  same t i m e  t o  observe t h e  g e n e r a l  

v a r i a t i o n  o f  t h e  e n e r g y  s p e c t r a  d u r i n g  t h e  e v e n t ,  t h e  t h r e e  

i n t e g r a l  s p e c t r a  for p r o t o n s  are shown i n  F i g .  1. The i n -  

t e n s i t y  a t  l o w  e n e r g i e s  is l a r g e ,  w i t h  t h e  f l u x  between 3 

a n d  15 MeV b e i n g  i n  excess of  10 p r o t o n s  /(em2 sr. s e c . )  

f o r  a l l  t h r e e  f l i g h t s ,  b u t  above 100 MeV it is q u i t e  s m a l l ,  

o f  t h e  o r d e r  of 10 p r o t o n s  /(em2. sr. sec . )  or less. The 

h e l i u m  a n d  medium n u c l e i  a l s o  have s t e e p  e n e r g y / n u c l e o n  

s p e c t r a  as shown i n  F i g .  2 .  The h e l i u m  a n d  medium n u c l e i  

s p e c t r a  are even  much s t e e p e r  t h a n  t h e  p r o t o n  s p e c t r u m ,  as  

shown i n  F i g .  3. The i n t e g r a l  medium n u c l e i  s p e c t r u m  i n  t h e  

t w o  o t h e r  e x p o s u r e s  a re  s i m i l a r  t o  t h e  f i r s t  one  i n  t h e i r  

b e i n g  s i g n i f i c a n t l y  s t e e p e r  t h a n  t h e  p r o t o n  s p e c t r u m .  They 

a re  a l l  t h e n  s t e e p e r  t h a n  t h e  p r e v i o u s  so l a r  f l a r e  p a r t i c l e  

e v e n t s  f o r  wh ich  c o m p o s i t i o n  d a t a  e x i s t s ,  namely S e p t .  3, 

1960; Nov. 1 2 ,  1 9 6 0 ;  Nov. 15,  1960 ;  a n d  J u l y  18,  1961 .  

3 

R e t u r n i n g  s p e c i f i c a l l y  t o  t h e  p r o t o n  s p e c t r a l  d a t a ,  

t h e r e  are s e v e r a l  f o n t u r e s  worth n o t i n g .  The s p e c t r a  r e f l e c t  

t h e  now w e l l  e s t a b l i s h e d  t endency  f o r  t h e  p a r t i c l e s  of  lowest 

e n e r g y  t o  rise t o  t h e i r  maximum a n d  s u b s i d e  m o s t  s l o w l y .  T h i s  

f e a t u r e  c a n  b e s t  be  shown by l o o k i n g  a t  t h e  d i f f e r e n t i a l  s p e c -  

t r a .  S i n c e  i t  is a l s o  d e s i r a b l e  t o  d i s c u s s  t h e  r i g i d i t y  s p e c -  

t r a ,  t h e  d i f f e r e n t i a l - r i g i d i t y  s p e c t r a  r a t h e r  t h a n  t h e  d i f -  

f e r e n t i a l - e n e r g y  s p e c t r a  w i l l  be u s e d .  F i g .  4 shows t h a t  t h e  
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h i g h e s t  r i g i d i t y  p a r t i c l e s  (k 250 MV) d e c r e a s e  w i t h  i n c r e a s i n g  

t i m e  f rom t h e  f l a r e .  A t  i n t e r m e d i a t e  r i g i d i t i e s  ( a b o u t  150 

t o  200 M V ) ,  t h e  i n t e n s i t y  was s t i l l  i n c r e a s i n g  d u r i n g  t h e  p e r i o d  

f rom t h e  f i r s t  t o  s e c o n d  f l i g h t ,  b u t  shows a d e c l i n e  from t h e  

s e c o n d  t o  t h e  t h i r d  f l i g h t .  B e l o w  120 MV, t h e r e  is a p r o g r e s -  

s i v e  increase  i n  p a r t i c l e  i n t e n s i t y  w i t h  t i m e  f rom t h e  f l a r e ,  

w i t h  t h e  e x p o s u r e  a b o u t  36 h o u r s  a f t e r  t h e  f l a r e  showing t h e  

maximum i n t e n s i t y .  

I t  is a l s o  c l e a r  from t h e  d a t a  shown i n  F i g .  4 t h a t ,  a l -  

t h o u g h  t h e  s p e c t r a  c o u l d  be w e l l  r e p r e s e n t e d  by t h e  form 

for r i g i d i t i e s  above  250 MV i n  t h e  f i r s t  two e x p o s u r e s  a n d  

by t h i s  form o v e r  most of t h e  measured r a n g e  i n  t h e  t h i r d  

f l i g h t ,  t h e r e  a r e  marked d e v i a t i o n s  from t h i s  e x p r e s s i o n  a t  

l o w  r i g i d i t i e s  i n  t h e  f i r s t  a n d  s e c o n d  f l i g h t s .  T h e s e  re- 

s u l t s  t h e n  c l e a r l y  d e m o n s t r a t e  t h a t  a l t h o u g h  so l a r  proton 

s p e c t r a  may o f t e n  b e  r e p r e s e n t e d  by t h e  form of e q u a t i o n  (1 ) .  

a n d  i t  is e x t r e m e l y  u s e f u l  i n  work ing  w i t h  s o l a r  p a r t i c l e  

d a t a ,  a s  o r i g i n a l l y  s u g g e s t e d  by F r e i e r  a n d  Webber ( 1 9 6 3 ) ,  

t h i s  form d o e s  n o t  a p p l y  e a r l y  i n  e v e n t s  a t  l o w  r i g i d i t i e s .  

D e v i a t i o n s  from e x p o n e n t i a l  r i g i d i t y  s p e c t r a  have  a l s o  b e e n  

o b s e r v e d  i n  severa l  o t h e r  e v e n t s  p r e v i o u s l y  ( B r y a n t ,  C l i n e ,  

Desai a n d  McDonald, 1963, 1965).  
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F i g .  4 shows t h a t  o v e r  t h e  s m a l l  r e g i o n  o f  o v e r l a p  t h e  

s h a p e  of  t h e  r i g i d i t y  s p e c t r a  of t h e  hydrogen a n d  h e a v i e r  

n u c l e i  are  s imi l a r .  A p p l i c a t i o n  of  t h e  form of e q u a t i o n  (1)  

t o  t h e  o b s e r v e d  d a t a  a n d  u s i n g  t h e  least .  s q u a r e s  f i t  method 

g i v e s  t h e  v a l u e s  f o r  Ro shown i n  T a b l e  11. 

be a v a r i a t i o n  o f  Ro w i t h  t i m e  which is d i f f e r e n t  f o r  p r o t o n s  

T h e r e  a p p e a r s  t o  

T a b l e  I1 

F l i g h t  R o  of  P r o t o n s  Ro of H e l i u m  N u c l e i  Ro o f  Medium N u c l e i  
- 

+ 4 . 8  + 2 . 9  + 3 . 3  
1 66 .7 -4 .2  6 9 . 0 - 2 . 7  64 .1 -3 .0  

+5 .7  + 3 . 6  

+6.7 + 6 . 6  

2 5 0 . 3 - 4 . 7  62 .9 -3 .2  

3 38.8-5.0 56 .2 -5 .5  

a n d  medium n u c l e i ,  l e a d i n g  u l t i m a t e l y  i n  t h e  t h i r d  f l i g h t  t o  

v a l u e s  which  d i f f e r  by t h r e e  s t a n d a r d  d e v i a t i o n s .  I t  h a s  a l -  

r e a d y  been  shown (Biswas  a n d  F i c h t e l ,  1965)  t h a t  t h e  v a l u e s  

of Ro f o r  p r o t o n s  a n d  h e a v i e r  n u c l e i  a rc  n o t  always exactly 

t h e  same, a l t h o u g h  t h e y  a re  u s u a l l y  s i m i l a r  ( F r e i e r  and  Webber, 

1 9 6 3 ;  B i s w a s  a n d  F i c h t e l ,  1965) .  

The t e n d e n c y  o f  s p e c t r a  toward t h e  form o f  E q .  ( 1 )  es- 

p e c i a l l y  l a t e  i n  e v e n t s  l e d  F r e i e r  a n d  Webber (1963)  t o  sug -  

g e s t  t h a t  t h e  source spec t ra  might be of  t h i s  fo rm.  The elec- 

t r o m a g n e t i c  s p e c t r u m  ( r a d i o  and v i s i b l e )  f rom a t  l ea s t  one  

so l a r  p a r t i c l e  e v e n t  h a s  been shown by S t e i n  and Ney (1963) 
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t o  b e  i n  agreement w i t h  s y n c h r o t r o n  r a d i a t i o n  from e l e c t r o n s  

w i t h  a n  e n e r g y  s p e c t r a  o f  t h e  form o f  Eq. ( 1 )  w i t h  Ro v a l u e s  

s imi l a r  t o  t h o s e  o b s e r v e d  f o r  t h e  s o l a r  n u c l e i .  I t  is pos-  

s i b l e  t o  c o n c e i v e  o f  so l a r  p a r t i c l e  acce l e ra t ion  m e c h a n i s m s  

which  w i l l  g i v e  t h i s  t y p e  o f  s p e c t r u m  and  of a p r o p a g a t i n g  

mechanism w h i c h  a t  l eas t  l a t e  i n  s o l a r  p a r t i c l e  e v e n t s  would 

r o u g h l y  p r e s e r v e  i t .  A r e v i e w  of t h e  p rob lems  of a c c e l e r a t i o n  

a n d  p r o p a g a t i o n s  is g i v e n  e l s e w h e r e  ( F i c h t e l  and  McDonald, 1967) .  

R e t u r n i n g  t o  F i g .  2 ,  n o t i c e  t h a t  when t h e  d i f f e r e n t i a l  

s p e c t r a  f o r  medium n u c l e i  a r c  m u l t i p l i e d  by 6 0 ,  t h c  a v e r a g e  

r a t i o  of medium t o  hcl iuin n u c l e i  i n  p r e v i o u s  e v e n t s  ( B i s w a s  

a n d  F i c h t e l ,  1 9 6 5 ) ,  t h e  s p e c t r a  a g r e e  w i t h  t h e  h e l i u m  n u c l e i  

s p e c t r a l  p o i n t s  w i t h i n  t h e  e r rors .  The r e a s o n  f o r  t h e  l i m i t e d  

d a t a  o n  he l ium n u c l e i  is t h e  h i g h  p r o t o n  t o  h e l i u m  r a t i o  which 

makes t h e  t a s k  o f  s c a n n i n g  for h e l i u m  n u c l e i  t r a c k s  i n  the> nuc- 

lear  e m u l s i o n ,  f o l l o w i n g  t h e  t r a c k s  t o  t h e  e n d ,  and  i d e n t i f y i n g  

them a l o n g ,  t e d i o u s  o n e .  However,  t h e  f a c t  t h a t  t h e  n o r m a l i -  

z i n g  f a c t o r  f o r  m u l t i p l y i n g  t h e  medium n u c l e i  s p e c t r a  was se- 

lected froin p r e v i o u s  work makes t h e  ag reemen t  q u i t e  s i g n i f i c a n t  , 

e s p e c i a l l y  i n  view o f  t h e  l a r g e  v a r i a t i o n  from e v e n t  t o  e v e n t  

o f  so many of  t h e  p a r a m e t e r s  a s soc ia t ed  w i t h  so l a r  p a r t i c l e  

e v e n t s .  

(b )  N u c l e a r  C o m p o s i t i o n :  O n e  o f  t h e  p r i n c i p a l  a i m s  of  t h e  

e x p e r i m e n t a l  ser ies  w a s  t o  d e t e r m i n e  w h e t h e r  t h e  c o m p o s i t i o n  of 

t h e  m u l t i c h a r g e d  n u c l e i  is r e a l l y  t h e  same i n  e a c h  e v e n t .  The 
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Sep tember  2 ,  1966 e v e n t  w a s  one whose i n t e n s i t y  w a s  v e r y  g r e a t  

a t  l o w  e n e r g i e s ,  b u t  decreased q u i c k l y  w i t h  i n c r e a s i n g  e n e r g y  

a s  men t ioned  b e f o r e ;  t h e r e f o r e ,  i t  was p o s s i b l e  t o  o b t a i n  con-  

s iderable  i n f o r m a t i o n  a t  low e n e r g i e s / n u c l e o n ,  b u t  n o t  a t  

h i g h  e n e r g i e s  where t h e  r a n g e s  of  t h e  p a r t i c l e s  a r e  s u f f i c i e n t l y  

g r e a t  t o  allow good c h a r g e  i d e n t i f i c a t i o n s .  The e x p e r i m e n t a l  

a p p r o a c h  d e s c r i b e d  ea r l i e r  p e r m i t t e d  t h e  d e t e c t i o n  a n d  i d e n t i -  

f i c a t i o n  o f  medium n u c l e i  down t o  a b o u t  7 MeV/nucleon, r a t h e r  

t h a n  a b o u t  3 5  MeV;’nucleon a s  i n  t h e  e a r l i e r  e x p e r i m e n t s  ( F i c h t e l  

a n d  GUSS, 1961 ;  B i s w a s ,  F i c h t c l  a n d  GUSS, 1962 ;  B i s w a s ,  F i c h t e l ,  

Guss  a n d  Waddington,  1963 ; B i s w a s  and  F i c h t e l ,  1965) . However, 

i n d i v i d u a l  c h a r g e  i d e n t i f i c a t i o n  w a s  n o t  p o s s i b l e  a t  t h e s e  low 

e n e r g i e s  and  a t  h i g h e r  e n e r g i e s  t h e r e  w e r e  v e r y  few p a r t i c l e s  

a n d  exac t  c h a r g e  i d e n t  i f  ita t ioii is d i  f f i c u l  t even  tholi  due  t o  

t h e  h i g h  background.  T h u s ,  a l though  d p t a i l e d  c h a r g e  mcasurc-  

m e n t s  were n o t  p o s s i b l e ,  t h e  r e l a t i v e  abundances  of i m p o r t a n t  

c h a r g e  g r o u p s ,  namely H e ,  l i g h t  n u c l e i ,  medium n u c l e i ,  and  

h e a v i e r  n u c l e i ,  can  be g i v e n .  

B e g i n n i n g  w i t h  t h e  he l ium t o  medium n u c l e i  r a t i o ,  

it w a s  a l r e a d y  shown t h a t  t h e  ene rgy  s p e c t r a  w e r e  s i m i l a r  

a n d  t h a t  t h e  i n t e n s i t i e s  a p p e a r e d  t o  be t h e  same when t h e  

medium n u c l e i  s p e c t r a  were m u l t i p l i e d  by t h e  a v e r a g e  r a t i o  of 

h e l i u m  t o  medium n u c l e i  o b t a i n e d  i n  p r e v i o u s  work .  To nrakc 

t h e s e  s t a t e m e n t s  more q u a n t i t a t i v e ,  t h e  he l ium t o  medium 

n u c l e i  r a t i o s  were found t o  be 4 8  - + 8 i n  t h e  e n e r g y  i n t e r v a l  

from 12 t o  3 5  MeV/nucleon i n  t h e  f i r s t  f l i g h t  a n d  53 - + 14 i n  
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the e n e r g y  i n t e r v a l  from 14 t o  35 MeV/nucleon i n  t h e  second.  

A summary of t h e s e  arid e a r l i e r  measurements  is g i v e n  i n  T a b l e  

111. The e r r o r  q u o t e d  f o r  t h e  a v e r a g e  v a l u e  of a l l  thc meas- 

u r e m e n t s  assumes  t h a t  t h i s  r e p r e s e n t s  nieasurcmc~nts  o f  t h e  same 

number.  

T a b l e  IIT I ! c ~ l i i i ~ ~ ~ - t o - I \ l l t ~ d i u i t ~ - N i i c l e i  R a t i o  

Time of Measurements  
. 

1408  UT, S e p t .  3 ,  1960 42.5-95 

1840 UT, NOV.  1 2 ,  1960 42.5-95 

1951 UT, N O V .  1 6 ,  1.960 42.5-95  

0600 UT, N O V .  1 7 ,  1960 42 .5 -95  

0339 UT, N O V .  18,  1960 1 2 . 5 - 9 5  

1305-1918 UT, July 1 8 ,  1961 120-204 

1443 UT, S e p t .  2 ,  1966 12-35 

2233 UT, S e p t .  2 ,  1966 14-35 

weighted a v e r a g e  of above r e a d i n g s  

1225-2345 UT, J u l y  1 2 ,  1959 150-200 

1030-1230 UT, NOV. 15 ,  1960 175-280 

68 + 2 1  - 

63 + 14 - 

72 + 16 - 

61 + 13 - 

38  + 10 - 

53 + 14 

79 + 16 
._ 

4 8  -t 8 3, - 

53 - + 14 

( 5 9  - + 5 )  

N 2100 - + 35 

~ 1 0 0  &80 

Fi . ch te1  a n d  G u s s ,  
1961. 

B i s w a s ,  F i c h t e l ,  
a n d  GUSS,  196%. 

B i s w a s ,  F i c h t e l ,  
and  GUSS, 1962.  

B i s w a s ,  F i c h t e l  , 
G u s s  a n d  Wadding t o n ,  
1963. 

B i s w a s ,  F i c h t e l  , 
Guss and  Waddington ,  
1963 .  

B i s w a s ,  F i c h t e l ,  
G u s s  and  Waddington ,  
1963. 

B i s w a s ,  F i c h t e l  , 
a n d  G u s s ,  1966. 

p r e s e n t  work 

p r e s e n t  work 

B i s w a s ,  1961 

Ney and S t e i n ,  1962.  
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G 
T h e r e  was no p o s i t i v e  e v i d e n c e  for any l i g h t  n u c l e i .  A 

t h r e e - s i g m a  uppe r  l i m i t  f o r  t h e  r a t i o  of n u c l e i  of c h a r g e s  

fou r  a n d  f i v e  t o  t h e  medium n u c l e i  is .04 which  is i n  a g r e e -  

ment w i t h  t h e  p r e v i o u s  more severe l i m i t  of  .02 set  i n  t h e  

November 1960 e v e n t s .  T h e r e  is a l s o  no  p o s i t i v e  e v i d e n c e  f o r  

t h e  p r e s e n c e  of l i t h i u m  n u c l e i ,  b u t  i n  t h a t  case no  number 

w i l l  be q u o t e d  for t h e  u p p e r  l i m i t  s i n c e  t h e  exac t  e f f i c i e n c y  

f o r  d e t e c t i n g  t h e s e  n u c l e i  is d i f f i c u l t  t o  d e t e r m i n e .  S i n c e  

l i t h i u m  is formed i n  t h e  same g e n e r a l  way a s  b e r y l l i u m  and  

bo ron  i f  t h e  l a t t e r  is n o t  p r e s e n t  t h e  fo rmer  is n o t  l i k e l y  

t o  be e i t h e r .  The a b s e n c e  o f  l i g h t  n u c l e i  a t  t h e s e  v e r y  low 

e n e r g i e s  is n o t  s u r p r i s i n g  because  t h e y  are absent  i n  t h e  s o u r c e ,  

a n d  i t  is n o t  l i k e l y  t h a t  t h e  so la r  cosmic r a y s  have gone t h r o u g h  

much m a t e r i a l  b e f o r e  r e a c h i n g  t h e  e a r t h .  Even i f  t h e y  h a v e ,  t h e  

t o t a l  p r o b a b i l i t y  f o r  p roduc ing  l i g h t  n u c l e i  below a b o u t  30 

MeV/’nucleon is f a i r l y  s m a l l .  The  r e a s o n s  for b e l i e v i n g  t h a t  

t h e  e n e r g e t i c  so l a r  p a r t i c l e s  have p a s s e d  t h r o u g h  v e r y  l i t t l e  

mater ia l  i n c l u d e  t h e  a b s e n c e  of l i g h t  n u c l e i  a t  h i g h e r  e n e r g i e s  

i n  o t h e r  e v e n t s  (Biswas ,  F i c h t e l  a n d  GUSS, 1962;  B i s w a s ,  F i c h t e l ,  

Guss a n d  Waddington,  1963; Biswas and  F i c h t e l ,  1 9 6 5 ) ,  and  t h e  

f a i l u r e  t o  observe any  i n d i c a t i o n  of a s i g n i f i c a n t  d e c r e a s e  i n  

t h e  s l o p e  of t h e  e n e r g y  s p e c t r u m  of  s o l a r  p r o t o n s  down t o  e n e r -  

g i e s  as l o w  a s  3 MeV- which is n o t  c l e a r l y  an  e a r l y  even t  pro-  

p a g a t i o n  e f f e c t .  
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B e c a u s e  01 the v e r y  s t u e p  e n e r g y  s p e c t r u m  v e r y  fc.w 

n u c l e i  w i t h  c h a r g e s  of  t e n  01' 111orc c o u l d  be c l e a r l y  i d e n t i f i e d .  

N o n e t h e  less,  a n e o n  to medium n u c l e i  r a t i o  above 3 8  MeV/Nuc- 

l e o n  of . 1 2 t . 0 4  - was d e t e r m i n e d  w h e r e  t h e  q u o t e d  error r e f l e c t s  

t h e  charge i d e n t i f i c a t i o n  p r o b l e m  as w e l l  a s  t h e  s t a t i s t i c a l  

l i m i t a t i o n s .  T h i s  agrtAtis w i t h  t h e  a v e n g t ?  v a l u e  for p r e v i o u s  

e v e n t s  of . 0 g c .  - 02 ( R i s w a s  a n d  F i c t i t e l ,  1965) .  S o m c h  n u c l e i  of 

c l e a r l y  h i g h e r  c*h:il*gtas w t ' r c  obsei.vc?d p s r t i c u l n r * l y  i n  the low 

s c a n s  as chxpc~clLetl o n  t h e  Ixlsis of t h e  ahunda i i (bc  o l  I hc.st1 t . 1 ~ 1 -  

m e n t s  in p r e v i o u s  ( w e i ~ t s ,  b u t  c-harge i d e n t i f i c a t i o n  d i  t ! ( ' 1 1  11 ies , 

ai d hen<.tt  t h c l  i n : t h i l  i t y  to  m a k t 1  e n ~ ~ r g y  measurt~mc~nt s a n d  ;I I'Iiix 

d e t e r m i n a t i o n  i n  a g i v e n  e n t ~ r g y  i i i te ival  , make i t  imposs  i b 1 c >  t c~ 

q u o t e  ;I qu:in t i t  a t  i v t b  rc, l a  t i v c  al,undanc*tL for I h o b c h  i i u ( *  I t .  i . 

T h u s  . ;'I 1 t l iough til<: d ( 1 t n i  l c ~ d  c ' o u c :  l u s i o n s  t l ia  t C ' L L I - I  t)e 

u.t.acl1c.d O I I  ( * l l , ~ t ~ & t ~  ( o i n ~ ~ ~ ) s i t i o i ~  a r c .  l i i a i t e d ,  t h e  f x c l l :  t h a t  a t  

l e a s t  t htb g r o s s  t I u r c '  o f  t 1 1 .  ( . o m p o s i t  i o n  of t h e  mu1 t i c h a r g e d  

n u c l e i  ;ire th(1 s n i i i ~ '  as p r t , v  i o u a  mc;;isui*emcn t s givr .s  adtlcd c o n -  

f i d f ~ i l c . t ~  t 1 i ; t t  i t  is 111~~; i i i i i i i ; fu1  t o  siptlak c.f a cornpwi I i o n  of 

mu 1 t i chn r g c d  n u c  1 t> i i n  so 1 a I* p:i 1- t i c le e v e n t s  . T h i s  f f h a  t u r c  

is p n ~ . t i ( ~ u l ; ~ r l y  rcin;1i-k;ibl(. i n  v i e w  of t h e  l a r g e  v a r i a t i o n s  

i n  so Irinny 01 the o t  h 1 l ~ *  l)i-opcArt i c s  of s o l a r .  p a r t i c l c  e v e n t s  

i n c  l u d i n g  s i z e ,  e n e r g y  spec  t lea, r e  l r t t  i v e  a b u n d a n c t l s  of c1t.c- 

t r o n s ,  p r o t o n s ,  a n d  h e l i u m  n u c l e i ,  a n d  t i m e  v a r i a t i o n s .  

R e c e n t  spec t roscopic  r e s u l t s  w i t h  i m p r o v e d  a c c u r a c y  h a v e  

shown t h a t  t h e  agr*c.ement between t h e  spec t roscop ic  m e a s u r e m e n t s  
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and t h e  solar cosmic r a y  measurements of t h e  composi t ion  of 

m u l t i c h a r g e d  n u c l e i  is s t i l l  e x c e l l e n t  even w i t h i n  t h e  na r -  

rower l i m i t s  se t  by t h e  more r ecen t  r e s u l t s .  Tab le  I V  sum- 

m a r i z e s  these r e s u l t s .  

Tab le  I V  

S o l a r  Cosmic Rays (1)  S o l a r  Photosphere  
- -- Element 

107 + 12  2He  - 

( 2 )  %i 

4Be - 5B <o .02  (2) 

6C - 0.60 + 0.10 (3) - 0.59 + .07 

7N 

80 

0.19 + .04 0.15 - + .05  (3) 

1.0 1 .0  (3)  
.07 - 

'F *- 0.03 0 .001  ( 2 )  

"Ne - 0 .13  + '02 0.11 (4 )  

,042 - -+ ,011 0 .051  - + 0.015 (5)  

0 .097  + 0.0 .3  (6) - .090 + .020 1 4 s i  - 2 lSc  - 

22Ti - 28Ni -:o. 02 0.006 (2) 

1. B i s w a s ,  F i c h t e l  and GUSS, 1962; B i s w a s ,  F i c h t e l ,  Guss and 

Waddington, 1963;  Biswas and F i c h t e l ,  1965. 

2. Goldberg ,  Muller and A l l e r ,  1960; A l l e r ,  1961. 

3. Lambert ,  1968. 

4.  Lambert ,  1967. 

5. Lambert and Warner, 1968a. 

6 .  Lambert and Warner, 1968b- 
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( c )  P r o p a g a t i o n :  The s t u d y  of the  t i m e  v a r i a t i o n  of t h e  

re la t ive  abundances  of two n u c l e a r  species whose c h a r g e  t o '  

mass r a t i o s  d i f f e r  by a factor  o f  two g i v e s  one a means of 

l o o k i n g  a t  t h e  c h a r a c t e r i s t i c s  of solar  p a r t i c l e  p r o p a g a t i o n  

in terms of its p o s s i b l e  v e l o c i t y  o r  r i g i d i t y  dependence .  

These  measurements  are p a r t i c u l a r l y  p e r t i n e n t  i n  d e t e r m i n i p g  

w h e t h e r  t h e  d i f f u s i o n  c o e f f i c i e n t  i n  t h e  so la r  wind d i f f u s i o n  

model ( P a r k e r ,  1956 ;  P a r k e r ,  1963;  K r i m i g i s ,  1965 ;  A x f o r d ,  1965; 

R e i d ,  1964;  F i b i s h  a n d  Abraham, 1965;  R o e l o f ,  1966) of so la r  

par t ic le  p r o p a g a t i o n  c a n  be e x p r e s s e d  w i t h  a s i m p l e  v e l o c i t y  

and r i g i d i t y  dependence  or i f  a more complex p i c t u r e  must  be 

used .  I n  g e n e r a l ,  t h e  diffusion c o e f f i c i e n t  is t h e  p r o d u c t  of 

t h e  p a r t i c l e  v e l o c i t y  and  some f u n c t i o n  of t h e  p a r t i c l e  r i g i d i t y  

which depends on t h e  n a t u r e  of t h e  m a g n e t i c  f i e l d s .  I n  p r i n -  

c i p l e ,  t h i s  dependence  on r i g i d i t y  c o u l d  be s i m p l y  a c o n s t a n t ,  

t h a t  is,  p r o p a g a t i o n  would be independen t  o f  p a r t i c l e  r i g i d i t y .  

Ev idence  f o r  t h i s  p u r e l y  v e l o c i t y  dependen t  p r o p a g a t i o n  mode 

h a s  been  seen  i n  some e v e n t s ,  e . g . ,  November 1 2 ,  1960 (B i swas ,  

F i c h t e l  and  GUSS, 1962)  a n d  September  2 8 ,  1961  ( B r y a n t ,  C l i n e ,  

Desai and McDonald, 1 9 6 5 ) .  Ev idence  i n  o-cher e v e n t s  s p e a k s  

a g a i n s t  t h i s  s i m p l e  mode. One of t h e  best examples  of a n  even t  

which does n o t  have  t h i s  c h a r a c t e r i s t i c  is t h e  one  under d i s -  

c u s s i o n  h e r e .  F i g .  5 shows t h a t  t h e  p r o t o n  t o  medium n u c l e i  

r a t io  i n  a g i v e n  e n e r g y / n u c l e o n ,  and  hence  v e ' l o c i t y  , i n t e r v a l  

v a r i e s  g r e a t l y  w i t h  t i m e .  C l e a r l y ,  if t h e  p r o p a g a t i o n  were a 
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p u r e l y  v e l o c i t y  d e p e n d e n t  o n e ,  t h i s  r a t i o  would be i n d e p e n d e n t  

o f  t i m e  i n  t h e  e v e n t .  

Ano the r  dependence  which  h a s  been  s u g g e s t e d  r e c e n t l y  is 

a mean f r ee  p a t h  which  is p r o p o r t i o n a l  t o  r i g i d i t y  a n d  h e n c e  

a d i f f u s i o n  c o e f f i c i e n t  which  is p r o p o r t i o n a l  t o  ?R ( G l o e c k l e r  

a n d  J o k i p p i ,  1 9 6 6 ) .  T h i s  p o s s i b i l i t y  is a l s o  e x c l u d e d  by t h e  

r e s u l t s  of t h i s  e v e n t  as  shown i n  F i g .  6 .  I t  is s e e n  t h a t  t h e  

r a t i o  o f  t h e  f l u x  of p r o t o n s  t o  t h a t  of  medium n u c l e i  i n  t h e  

s a m e  ;R i n t e r v a l  v a r i e s  by a f a c t o r  o f  3 f rom t h e  f i r s t  t G  t h e  

l a s t  f l i g h t .  T h u s ,  n e i t h e r  o f  t h e  t w o  s i m p l e s t  p o s s i b i l i t i e s  

for t h e  d i f f u s i o n  c o e f f i c i e n t  which have  been  p r o p o s e d  are  

cor rec t  i n  t h i s  e v e n t .  

SUMMtZRY 

The s t u d y  of t h e  p a r t i c l e  c h a r a c t e r i s t i c s  o f  t h e  e n e r g e t i c  

h y d r o g e n ,  h e l i u m ,  l i g h t ,  medium, and  heavy n u c l e i  i n  t h e  S e p t .  

2 ,  1966 s o l a r  p a r t i c l e  e v e n t  conf i rmed  many a s p e c t s  which  ap-  

p e a r  t o  be  c h a r a c t e r i s t i c  of  t h e s e  phenomena. T h e r e  a r e ,  how- 

e v e r ,  two f e a t u r e s  which deserve p a r t i c u l a r  a t t e n t i o n ;  t h e s e  

are  t h e  e v i d e n c e  i n  s u p p o r t  o f  a c h a r a c t e r i s t i c  c o m p o s i t i o n  

o f  m u l t i c h a r g e d  n u c l e i  which  i s  i n d e p e n d e n t  o f  t h e  so l a r  

p a r t i c l e  e v e n t  a n d  t h e  comple t e  l a c k  of  ag reemen t  be tween t h e  

r e s u l t s  a n d  t h o s e  p r e d i c t e d  e i t h e r  by a d i f f u s i o n  c o e f f i c i e n t  

p r o p o r t i o n a l  t o  or d R .  

A s  men t ioned  b e f o r e ,  t h e  measurement of  a h e l i u m  t o  

medium n u c l e i  r a t i o  which  a g r e e s  w i t h  t h o s e  measu red  i n  t h e  
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f o u r  p r e v i o u s  e v e n t s  o f  t h e  l a s t  s o l a r  c y c l e  i n  a d i f f e r e n t  

e n e r g y / n u c l e o n  i n t e r v a l  g i v e s  s t r o n g  s u p p o r t  t o  t h e  c o n c e p t  

t h a t  t h e  r e l a t i v e  abundances  of t h e  m u l t i c h a r g e d  n u c l e i  a r e  

a l w a y s  t h e  same. I n  t h i s  e v e n t ,  t h i s  w a s  s u b s t a n t i a t e d  f u r t h e r  

by t h e  measured neon t o  medium n u c l e i  r a t i o ,  t h e  a b s e n c e  of 

l i g h t  n u c l e i ,  a n d  t h e  ag reemen t  between t h e  s h a p e s  of t h e  

h e l i u m  a n d  medium n u c l e i  s p e c t r a .  A s  w e  have  n o t e d  i n  p r e -  

v i o u s  a r t i c l e s  ( e . g . ,  R i s w a s  and  F i c h t e l ,  1 9 6 5 ) ,  t h i s  is a 

f a c t o r  which any  a c c e l e r a t i n g  mechanism must e x p l a i n ,  a n d  

f u r t h e r ,  t h i s  f e a t u r e  p r o v i d e s  t h e  t a n t a l i z i n g  p o s s i b i l i t y  

o f  making v e r y  good measurements  of  t h e  c o m p o s i t i o n  of t h e  

r e g i o n  of t h e  s u n  from w h i c h  t h e s e  p a r t i c l e s  comc'. I t  w a s  

shown t h a t  t h e  compos i t io i i  of t h e  e n e r g e t i c  m u l t i c h a r g e d  

s o l a r  n u c l e i  w i t h i n  t h e  e r r o r s  of p r e s e n t  measurements  a g r e e s  

w i t h  measurements  made €or  t h e  s u n ' s  p h o t o s p h e r e ,  and  h e n c e ,  

as i n d i c a t e d  p r e v i o u s l y  ( B i s w a s ,  F i c h t e l ,  Guss a n d  Waddington ,  

1 9 6 3 ;  B i s w a s  a n d  F i c h t e l ,  1965)  g i v e  a means of e s t i m a t i n g  

t h e  s u n ' s  h e l i u m  abundance .  Us ing  t h e  r e c e n t  so l a r  s p e c t r o -  

scopic  data q u o t e d  by Lambert  (1967b)  f o r  t h e  r e l a t i v e  abun- 

d a n c e s  o f  c a r b o n ,  n i t r o g e n ,  oxygen ,  a n d  hydrogen  i n  t h e  pho to -  

s p h e r e  and  t h e  h e l i u m  t o  medium n u c l e i  r a t i o  o b t a i n e d  h e r e ,  a 

hydrogen  t o  h e l i u m  r a t i o  o f  16 - + 2 is o b t a i n e d .  

The r e s u l t s  o f  t h e  m e a s u r e m e n t s  r e p o r t e d  here showed 

c l e a r l y  t h a t  t h i s  e v e n t  c o u l d  n o t  be d e s c r i b e d  by a s i m p l e  

d i f f u s i o n  model  w i t h  t h e  d i f f u s i o n  c o e f f i c i e n t  p r o p o r t i o n a l  
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t o  f! or P R .  T h i s  r e s u l t  a d d s  t o  a growing  body o f  e v i d e n c e  

which  i n d i c a t e s  t h a t  a more complex p i c t u r e  of  so l a r  p a r t i c l e  

p r o p a g a t i o n  is needed  - probab ly  one  which i n c l u d e s  a n i s o t r o p i c  

d i f f u s i o n  w i t h  t h e  p o s s i b i l i t y  of a complex r i g i d i t y  dependence  

f o r  t h e  d i f f u s i o n  t e n s o r ,  t h e  p o s s i b i l i t y  of t i m e  dependence 

of t h e  i n t e r p l a n e t a r y  medium, and p r o b a b l y  t h e  dependence  of 

t h e  d i f f u s i o n  c o e f f i c i e n t  on p o s i t i o n .  
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F i g .  1: I n t e g r a l  s p e c t r a  f o r  p r o t o n s  measured d u r i n g  t h e  

t h r e e  sound ing  r o c k e t  f l i g h t s .  The e x p e r i m e n t a l  p o i n t s  i n -  

d i c a t e d  by t r i a n g l e s ,  s q u a r e s ,  and  c i r c l e s  are for t h e  f i r s t ,  

s e c o n d ,  and  t h i r d  f l i g h t s  r e s p e c t i v e l y .  See T a b l e  1 f o r  t h e  

f l i g h t  t i m e s .  

F i g .  2 :  I n t e g r a l  medium and he l ium n u c l e i  s p e c t r a  measured 

d u r i n g  t h e  t h r e e  sound ing  r o c k e t  f l i g h t s .  Open symbols  r e f e r  

t o  medium n u c l e i  d a t a  m u l t i p l i e d  by 60 and  c l o s e d  symbols  t o  

h e l i u m  n u c l e i  d a t a .  The e x p e r i m e n t a l  p o i n t s  i n d i c a t e d  by 

c i rc les ,  diamonds,  and s q u a r e s  r e f e r  t o  t h e  f i r s t ,  s e c o n d ,  

and  t h i r d  f l i g h t s  r e s p e c t i v e l y .  The re  is o n l y  one he l ium 

d a t e  p o i n t  a v a i l a b l e  i n  t h e  t h i r d  f l i g h t  which is above 

20 MeV/Nucleon, a n d  it is n o t  shown. See T a b l e  I f o r  f l i g h t  

t i m e s .  

F i g .  3 :  I n t e g r a l  ene rgy /nuc leon  s p e c t r a  measured a t  1443 U.T. ,  

S e p t .  2 ,  1966 f o r  p r o t o n s  ( t r i a n g l e s ) ,  he l ium n u c l e i  ( c i r c l e s ) ,  and  

medium n u c l e i  ( c r o s s e s ) .  

F i g .  4 :  D i f f e r e n t i a l  r i g i d i t y  s p e c t r a  f o r  p r o t o n s  d u r i n g  t h e  

t h r e e  sound ing  r o c k e t  f l i g h t s .  The e x p e r i m e n t a l  p o i n t s  i n -  

d i c a t e d  by c i r c l e s ,  c r o s s e s ,  and s q u a r e s  are  f o r  t h e  f i r s t ,  

s e c o n d ,  a n d  t h i r d  f l i g h t s  r e s p e c t i v e l y .  See T a b l e  I f o r  t h e  

f l i g h t  t i m e .  

F i g .  5 :  

f o r  t h e  t w o  d i f f e r e n t  ene rgy /nuc leon  i n t e r v a l s ,  which are 

Pro ton  t o  medium n u c l e i  r a t i o  f o r  t h e  t h r e e  f l i g h t s  
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s p e c i f i e d  i n  t h e  f i g u r e s ,  p l o t t e d  a s  a funct ion  of t i m e  from 

the  f l a r e .  

F i g .  6 :  Proton t o  medium n u c l e i  r a t i o . f o r  t h e  three  f l i g h t s  

for t h e  pR ( v e l o c i t y  i n  u n i t s  of t h e  v e l o c i t y  of  l i g h t  t i m e s  

p a r t i c l e  r i g i d i t y )  i n t e r v a l  shown i n  t h e  f i g u r e  p l o t t e d  a s  a 

f u n c t i o n  of t i m e  from t h e  f l a r e .  
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